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THE SPACECRAFT WAS NEARLY INTEGRATED AND HAD

passed some of its early mechanical and electrical
testing. One of its instruments, the Proportional
Counter Array (PCA), had a gas leak in one of the five
proportional counter modules that made up the array.
The science division where the instrument was being
developed wanted a gas replenishment system added to
assure the PCA would last for the entire mission.

Adding a gas replenishment system would mean
interrupting spacecraft integration and testing; devel-
oping a new subsystem and integrating it onto the
spacecraft; modifying all the PCA modules; including a
complex integration of the instrument onto the space-
craft; and implementing a more complex performance
and environmental test process. It was the wrong answer
because it made a simple design more complex and
added little value to the mission at a major cost in time
and dollars. Our mission couldn’t afford the additional
budget and schedule risks.

XTE was the latest of a long line of projects being

managed by my Explorer Program Office, but it was
unique in being the first project we had agreed to do for
a fixed price. NASA HQ agreed, in return, to provide us
with the funding profile we needed to make it happen.
We were both trying to break the unhealthy spiral in the
Explorer program that saw current missions overrun-
ning and pushing subsequent missions downstream to
the point where their science was becoming marginal.
The science community was upset and wanted better
performance from NASA.

I summarized my arguments to the director. The
Engineering Directorate had taken responsibility for the
spacecraft development when we established XTE as an
in-house project at Goddard Space Flight Center, and
also was supporting the PCA development.

“It adds complexity,” I reiterated. “It’s a significant
cost impact for only a marginal reliability increase.”

His response was music to my ears, “Jim, I won’t
stand in your way, but you’ll have to convince the scien-
tists and engineers.”

Enough Is Enough
by James Barrowman 

“It’s the wrong thing to be doing,” I told the director of
engineering, trying to head off a last minute change in our X-ray
Timing Explorer (XTE) project
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Now comes the real work
My next stop was the science division where the instru-
ment in question was being developed. I was antici-
pating a fight because I knew that the scientists and
instrument engineers thought they needed the system in
order to assure a longer life for the PCA. There was real
disagreement on the benefits of the change and the
impacts. Four of the PCA modules were sealed well and
leak tests had confirmed they would last beyond two
years. Only one module had a
problem. None of this was outside
the parameters of the project’s basic
requirements, and I knew that I was
going to need to rely on those
requirements if I was going to win
this argument.

I entered the fray, so to speak,
because the XTE project manager
had asked me to get involved. I was
the Explorers program manager, but
I worked with my project managers in a way that
encouraged them to consider me their deputy. They
gave me jobs to do that helped them out. In the process,
I created a stronger bond so that they didn’t simply view
me as a boss, but as somebody who supported them. The
project manager and the spacecraft manager wanted to
stay focused on the mission development while I fought
the political and technical battles necessary to prevent
disrupting progress.

As part of our plan to pull XTE off for a fixed price,
we worked closely with the science team to document
the mission requirements. We struggled together to
make the requirements specific, clear, and to the
greatest extent possible quantitative. As a result,
the XTE project plan identified performance require-
ments on all the major mission elements. Two of the

requirements bore directly on this situation: The
mission had to last two years, and four of the five PCA
modules had to be operative for that time period. Of
course, the scientists’ goal was for XTE to last much
longer than two years and to have all five PCA modules
operating as long as possible.

It’s important to note here that we didn’t negotiate
our requirements in isolation at the beginning of the
project. Our requirements were well thought out and

realistic because they were estab-
lished after we had taken implemen-
tation approaches into consideration
during initial formulation. First, the
scientists laid out broad goals.
Eventually, we gained an under-
standing of the architecture, imple-
mentation, and programmatic issues,
and we were able to sign off on
realistic requirements.

Sealing the deal
When it was time to remind people about these require-
ments, I met with the instrument team and laid out the
total situation, both technical and programmatic. All the
key scientists and managers had signed the XTE project
plan, and we supposedly had a firm and broad
agreement on our direction and plan. “These are your
requirements, guys,” I said. “You signed up for them, and
you agreed to them.”

I didn’t have to say it explicitly because it was clear
what I was getting at: Where’s your integrity? If you didn’t
mean this, why did you sign up for it?

They weren’t happy, but they agreed not to pursue
the gas replenishment system. Our mission require-
ments were being met. The scientists stood by their
requirements and confirmed their understanding that we

We were both trying to break
the unhealthy spiral in the
Explorer program that saw
current missions overrunning
and pushing subsequent
missions downstream to the
point where their science 
was becoming marginal.

Left: Liftoff on December 30, 1995. Middle: The XTE project team stands in front of the launch vehicle at 
Cape Canaveral. Right: The Proportional Counter Array (PCA) instrument has five xenon gas detectors used 
to study x-ray emitting objects in the Milky Way and beyond. 
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had taken on this mission for a fixed
price in response to concerns from
the broader science community.

Once that decision was made,
my engineers refocused on the question of the leak. The
instrument development team redoubled their efforts to
seal the fifth PCA module. Eventually, they found a
tolerance build-up and fixed it in time to get the module
delivered on schedule.

The XTE mission was ready on time and well within
budget. It is now on orbit as the Rossi X-ray Timing
Explorer (RXTE) mission in honor of astronomer Bruno
Rossi. RXTE has dramatically improved the under-
standing of the high-energy phenomena in the universe,
discovered black holes at the center of galaxies, and corre-
lated the size of black holes to the size of the galaxies.

Not only did the mission meet its requirements,
RXTE is still scientifically productive after seven years in
orbit, and there has been no degradation of the PCA

performance. The time we spent
working with the scientists to get
the right requirements clearly
understood and mutually accepted

has reaped a far greater return on investment than we
dared to imagine. •

LESSONS

• Clear, documented requirements help you control the
scope of your project and resist unnecessary changes.
Have all key parties sign off on the requirements to
assure that they understand and are committed to them.
• Get your project requirements right as soon as
possible, but not prematurely. To assure they are
realistic, requirements should not be finalized until after
implementation approaches have been considered.

QUESTION

How do you know you are done defining requirements?

Deputized
As head of the Explorers Program, JAMES BARROWMAN oversaw the successful
launch of eight Explorer missions in three years. In his story, “Pin the Deputy’s
Badge on Me” (ASK 3), Barrowman explained that the program’s tight resources
inspired him to serve as deputy to the project managers working under him. “In
addition to reducing overhead while maintaining technical positions,” Barrowman
wrote, “I felt this would change my relationship with the project managers from
boss to supporter.” But did it work?

Despite competing time demands, initially “nervous and disoriented” staff, and
occasional differences of opinion, the novel arrangement translated into a
successfully run program. Barrowman summed up the experience this way: “In
the end, the project managers and their staffs were satisfied, I was satisfied,
and we were all able to operate an effective and efficient program.” 

Over the course of a 22-year career as a project and program manager at
Goddard Space Flight Center, Barrowman received the NASA Outstanding
Leadership Medal, the GSFC Award of Merit, and two NASA Exceptional Service
medals. He has been a longtime supporter of APPL programs, and can be
reached at jbarrowman@comcast.net

The project manager and the
spacecraft manager wanted
to stay focused on the mission
development while I fought
the political and technical
battles necessary to prevent
disrupting progress. 


